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A34584-A-PCT-USA (070050.1664) 

PATENT 

REMARKS 

Claims 22 and 85 are pending. Claim 22 is amended, and the amendment does 
not constitute new matter. 

The Examiner objects to the specification, contending that the title and abstract do 
not reflect the subject matter of the application as presently claimed, and because the legend to 
Figure 10 does not identify and describe the two parts of the figure. In response, Applicants have 
amended the title, the abstract and the legend to Figure 10 to obviate the Examiner's objections. 
In light of these amendments (which are not new matter). Applicants respectfully request that the 
Examiner withdraw the objections to the specification. 

Applicants also request that the Examiner indicate whether the Information 
Disclosure Statement and PTO-1449 form mailed by Applicants on December 30, 2003 has now 
been made of record. 

Claims 22 and 85 are rejected under 35 U.S.C. § 101 for lack of utility. Claims 22 
and 85 are rejected as failing to meet the written description and enablement requirements of the 
first paragraph of 35 U.S.C. § 112. For the reasons set forth below. Applicants respectfully 
traverse the Examiner's rejections of the aforementioned claims and request that the rejections be 
removed. 

1. The Claimed Invention Has Utility 

Claims 22 and 85 are rejected under 35 U.S.C. § 101, the Examiner contending 
that they lack utility. In particular, the Examiner bases the rejection on two grounds: first, that 
the biological activity of OLD-35 as a polynucleotide phosphorylase ("PNPase") is not 
adequately supported and, second, that "[t]he specification does not support a substantial utility 
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regarding the claimed antibodies that bind [OLD-35] for purposes unrelated to the asserted 

biological activity." With regard to latter, the Examiner further states: 

The specification does not disclose a correlation between any specific disorder 
and an altered level or form of the [OLD] -3 5 polypeptide wherein an antibody that 
binds the [OLD] -3 5 polypeptide has diagnostic utility or utility in a method for 
inhibiting the activity of the [OLD]-35 protein related to a specific disorder. Also, 
the specification does not predict whether the claimed [OLDJ-35 polypeptide 
would be overexpressed or underexpressed in a specific, diseased tissue compared 
to a healthy tissue control. 

In a related rejection, claims 22 and 85 are rejected under 35 U.S.C. §112 because, 

according to the Examiner: 

since the claimed invention is not supported by either a substantial asserted utility 
or a well established utility for the reasons set forth above, one skilled in the art 
clearly would not know how to use the claimed invention without undue 
experimentation. 

Applicants assert that the claims have requisite utility and that a person skilled in 
the art would know how to use the claimed antibodies, for the following reasons, provided in the 
order in which the corresponding issues were raised by the Examiner. 

First, the claimed antibodies specifically bind to a protein having an amino acid 
sequence as set forth in SEQ ID NO:42, which constitutes residues 18-713 (truncated due to a 
sequencing/cloning artifact^; see Exhibit A, which shows the portion of OLD-35 not represented 
in SEQ ID NO:42 in pink) of 783-residue OLD-35, a molecule with a recognized biological 
activity, namely PNPase activity. In a first set of working examples, the specification identifies 
OLD-35 as a putative PNPase based on sequence homology to a known bacterial PNPase (see 
Figure 10 and the instant specification at page 36 line 29 through page 37 line 7), and states that 



1 For details, see the Response to Restriction Requirement and Second Preliminary Amendment submitted 

October 20, 2003. 
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the Old-35 gene "may play a role in RNA degradation in growth arrested cells'* (in the instant 
specification at page 37, lines 4-7). In a section of the specification that follows, a more 
definitive statement is made: "[sjince Old-35 encodes PNPase" (in the specification at page 50, 
line 26). The Examiner has questioned whether OLD-35 actually has PNPase activity, in view of 
a number of examples where structure does not correlate with function. 

To address the Examiner's concern. Applicants invite the Examiner's attention to 
the attached publication, Leszczyniecka et al., 2002, "Identification and cloning of human 
polynucleotide phosphorylase, hPNPase^^^'^^ , in the context of terminal differentiation and 
cellular senescence," Proc, Natl. Acad. Sci. 99:16636-16641 ("Leszczyniecka"; attached as 
Exhibit B), which reports the results of experiments which demonstrate that OLD-35 has PNPase 
activity in vitro (Leszczyniecka at paragraph bridging pages 16638 and 16639, entitled "old-35 is 
hPNPase"). Given the art recognized relevance of PNPases (for example, in the development of 
competence in bacteria (a simple model of cell differentiation) and in the differentiation of 
chloroplasts (in the instant specification at page 49 line 30 through page 50 line 18), the skilled 
artisan would readily appreciate that an antibody to OLD-35 would have a substantial utility for 
detecting expression of a biologically important molecule. 

Second, irrespective of its biochemical activity, the specification teaches a number 
of uses for antibodies to OLD-35. The skilled artisan would recognize, and the specification 
expressly notes (at page 17, lines 17-20), that antibodies directed against "OLD" proteins such as 
OLD-35 "are useful to detect the expression of OLD proteins in living animals, in humans, or in 
biological tissues or fluids isolated fi"om animals or humans." The specification fiirther teaches 
that expression of OLD-35 protein may be used to determine whether a cell is senescent (page 
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20, lines 28-35), terminally differentiated (page 20, line 37 through page 21, line 6), or growth 
arrested (page 21, lines 8-15). The skilled artisan would therefore appreciate that an antibody 
could be used to detect the expression of OLD-35 toward determining whether a cell is 
senescent, terminally differentiated, or growth arrested, each such use having substantial and 
credible utility. 

Third, contrary to the Examiner's assertion, the specification does teach 
correlations between changes in the level of Old-35 gene expression and specific disorders. For 
example, Figure 1 shows that the level of Old-35 mRNA is much higher in senescent Progeria 
(premature ageing) cell lines (lanes 5 and 6) relative to young fibroblasts (lane 4). Likewise, 
Figure 2D demonstrates that treatment of melanoma cells with the differentiation-promoting 
agents interferon beta and mezerein increases the level of Old-35 mRNA. The specification 
teaches that OLD-35 protein is an altemative to Old-35 mRNA as a means for measuring 
expression of the Old-35 gene (in the instant specification, for example, at page 20 lines 31-35 
and at page 21 lines 3-6 and 11-15), Therefore, the skilled artisan would readily appreciate the 
utility of antibodies toward OLD-35 protein as a means of detecting differentiation in melanoma 
cells (a disease) or senescence (a condition) in fibroblasts. 

For all the foregoing reasons, the rejection under 35 U.S.C. §101 should be 
withdrawn. Further, in view of the substantial and credible utility of OLD-35 -directed 
antibodies, and the fact that the skilled artisan knows how to use an antibody to detect a protein, 
the rejection under 35 U.S.C. §112 for failure to disclose "how to use" the invention should be 
withdrawn. 
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The Claims Satisfy the Written Description Requirement 

Claims 22 and 85 are rejected under the first paragraph of 35 U.S.C. § 1 12 for failing to 
comply with the written description requirement. According to the Examiner, the claims as 
amended contain subject matter which was not described in the specification as originally filed. 
Specifically, the Examiner contends that addition of the phrase "a protein that is inducible by 
interferon beta" is new matter because "a protein that is induced by interferon beta" does not 
appear to be disclosed. 

Applicants respectfiiUy disagree with the basis for the rejection. Figure 2B 
demonstrates that Old -35 mRNA levels are induced by interferon beta. As stated above, the 
specification teaches that expression of the Old-35 gene may altematively be measured using 
mRNA or protein. That Old-35 mRNA is translated into protein is demonstrated by Figure 14 of 
the specification, which shows localization of a GFP-OLD-35 fiision protein in HeLa cells. 
Nonetheless, to advance prosecution of the application, Applicants have amended claim 22, 
without prejudice to subject matter canceled by amendment, to delete the language that has been 
objected to. Accordingly, the basis for this rejection has been obviated, so that the rejection 
should be withdrawn. 
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The Claims Are Enabled 

Claims 22 and 85 are rejected under the first paragraph of 35 U.S.C. § 112 for 
lack of enablement. The Examiner contends that the specification does not disclose any 
particular disease state or condition correlated with altered expression of Old-35 mRNA or Old- 
35 protein, or provide guidance to assist the skilled artisan on how to make and use antibodies 
that bind to OLD-35 polypeptide as a diagnostic or therapeutic tool. 

Applicants respectftiUy disagree with the Examiner's position. As discussed in 
Section I of this paper, with regard to the Examiner's statement that "[t]he specification does not 
disclose any particular disease state or condition correlated with altered expression of Old-35 
mRNA[,]" Applicants maintain that the specification teaches correlations between levels of Old- 
35 expression (which may be measured altematively by mRNA or protein expression) and 
senescence, terminal differentiation, and growth arrest, and with specific instances of melanoma 
cell differentiation and progeria. 

The Examiner questions whether mRNA is validly correlated with protein 
expression. As stated in Section n above, Figure 14 demonstrates that a nucleic acid comprising 
Old-35 and OF? was translated to form fluorescent protein. Li addition. Applicants invite the 
Examiner's attention to Leszczyniecka, page 16638, first paragraph, which shows that GST- 
hPNPase^^^'^^ having PNPase activity could be expressed. 

As for the Examiner's statement that the specification does not "provide guidance 
to assist the skilled artisan on how to make and use antibodies that bind Old-35 polypeptide as a 
diagnostic or therapeutic tool[,]" Applicants direct the Examiner's attention to page 17, lines 9- 
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20, of the specification, wherein guidance to assist the skilled artisan on how to make and use 
antibodies to Old proteins is exphcitly disclosed. 

In view of the arguments set forth herein, AppHcants respectfully request that the 
rejection of Claims 22 and 85 under the first paragraph of 35 U.S.C. § 1 12 for lack of enablement 
be withdrawn. 

CONCLUSIONS 

ha light of the amendments, Applicants submit that the present application is in condition 
for allowance of Claims 22 and 85. A Notice of Allowance is therefore respectfully requested. 



Respectfully submitted, 




Lisa B. Kole 

Patent Office Reg. No. 35,225 



Attorney for Applicants 

BAKER BOTTS L.L.P. 
30 Rockefeller Plaza 
New York NY 101 12-4498 

(212) 408-2628 

Attachments: Exhibits A and B 
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AY027528 2615 bp rtiRNA linear PRI 23-DEC-2002 

Homo sapiens 3* -5' RNA exonuclease (OLD35) mRNA, complete cds . 
AY027528 

AY027528.1 GI:24943087 

Homo sapiens (human) 
Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; 
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo. 

1 (bases 1 to 2615) 

Leszczyniecka, M. , Kang,D.-C., Sarkar,D., Su,Z.-Z., Holmes, M., 
Valerie, K. and Fisher, P. B. 

Identification and cloning of human polynucleotide phosphorylase, 
hPNPase (old-35), in the context of terminal differentiation and 
cellular senescence 

Proc. Natl. Acad. Sci. U.S.A. 99 (26), 16636-16641 (2002) 
12473748 

2 (bases 1 to 2615) 

Leszczyniecka, M. , Kang,D.-C. and Fisher, P. B. 
Direct Submission 

Submitted { 13-FEB-2001 ) Urology, Columbia University, College of 
Physicians and Surgeons, 630 W 168th St, New York, NY 10032, USA 

Location/Qualifiers 

1. .2615 

/organism="Homo sapiens" 

/moi_t ype="mRNA" 

/db_xref="taxon: 9606" 

/chromosome-"2 " 

/map="2pl5" 

1. .2615 

/gene="OLD35" 

15. .2366 

/gene="OLD35" 

/note-"01d-35" 

/codon_start=l 

/product="3 ' -5 ' RNA exonuclease" 
/protein id=" AAK13047 . 1 " 
/db_xref="GI : 24 94308 8 " 
/translation="MMCRYeGSCL'RIiRPJJ^^ 

RAVAVDLGNRKLEISSGKLARFADGSAVVQSGDTAVMVTAVSKTKPSPSQFMPLVVDY 
RQKAAAAGRIPTNYLRREVGTSDKEILTSRIIDRSIRPLFPAGYFYDTQVLCNLLAVD 
GVNEPDVLAINGASVALSLSDIPWNGPVGAVRIGIIDGEYVVNPTRKEMSSSTLNLVV 
AGAPKSQIVMLEASAENILQQDFCHAIKVGVKYTQQIIQGIQQLVKETGVTKRTPQKL 
FTPSPEIVKYTHKLAMERLYAVFTDYEHDKVSRDEAVNKIRLDTEEQLKEKFPEADPY 
EIIESFNVVAKEVFRSIVLNEYKRCDGRDLTSLRNVSCEVDMFKTLHGSALFQRGQTQ 
VLCTVTFDSLESGIKSDQVITAINGIKDKNFMLHYEFPPYATNEIGKVTGLNRRELGH 
GALAEKALYPVIPRDFPFTIRVTSEVLESNGSSSMASACGGSLALMDSGVPISSAVAG 
VAIGLVTKTDPEKGEIEDYRLLTDILGIEDYNGDMDFKIAGTNKGITALQADIKLPGI 
PIKIVMEAIQQASVAKKEILQIMNKTISKPRASRKENGPVVETVQVPLSKRAKFVGPG 
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SI domain" 
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gcgtgccggg 
tgagcgatgg 
gagcactatg 
tagaaatatc 
gtgacactgc 
tgcctttggt 
atctgagaag 
gttcaattag 
tgttagcagt 
ccctctcatt 
ttgatggaga 
tagtggttgc 
ttttacagca 
ttcagggcat 
tatttacccc 
atgcagtttt 
taagattaga 
taatagaatc 
acaaaaggtg 
tgtttaaaac 
ccgttacatt 
atgggataaa 
aaattggcaa 
aagctttgta 
tcctagagtc 
tggattcagg 
aaaccgatcc 
ttgaagatta 
cattacaggc 
aacaagcttc 
ctcgagcatc 
aacgagcaaa 
gtgtaactat 
ttatgcatga 
tagaatttgg 
taaaattata 
agattaaaca 
ttggacgtga 
ctacaaccgt 
cacagtcatc 
tttgtctagg 
ctatataata 
tttttaattc 
ttattattaa 



tgtcatggcg 
tcctttcctt 
gagtagcgca 
ttctggaaag 
agtaatggtc 
ggttgactac 
agaggttggt 
accgctcttt 
agatggtgta 
atcagatatt 
atatgttgtt 
tggagcacct 
ggacttttgc 
tcagcagttg 
ttcgccagag 
tacagattac 
tacggaggaa 
cttcaatgtt 
cgatggtcgg 
ccttcatgga 
tgattcatta 
agataaaaat 
agtcactggt 
tcctgttatt 
aaatgggtca 
ggttccaatt 
tgagaagggt 
caatggtgac 
tgatattaaa 
agtggcaaaa 
tagaaaagaa 
atttgttgga 
tagtcaggtg 
ggcaagagac 
agcagtatat 
tccaaatatg 
tcctactgcc 
cccagccgat 
ggtcagaact 
atctaattct 
gtgatgtgct 
taaatacatt 
gagtaaccca 
aagtaagtca 



gcctgcaggt 
ctgccacggc 
gggtctcgag 
ctggccagat 
acagcggtca 
agacaaaaag 
acttctgata 
ccagctggct 
aatgagcctg 
ccttggaatg 
aacccaacaa 
aaaagtcaga 
catgctatca 
gtaaaagaaa 
attgtgaaat 
gagcatgaca 
caactaaaag 
gttgcaaagg 
gatttgactt 
tcagcattat 
gaatctggta 
ttcatgctgc 
ttaaatagaa 
cccagagatt 
tcttctatgg 
tcatctgctg 
gaaatagaag 
atggacttca 
ttacctggaa 
aaggagatat 
aatggacctg 
cctggtggct 
gatgaagaaa 
ttcattactg 
accgccacaa 
actgcggtac 
ctaggattag 
ggaagaatga 
ttgaatgaca 
cagtgatttt 
gtagagcaac 
ttaattattt 
tatttgttta 
tttatacatc 



actgctgctc 
gggatcgggc 
ctgtggccgt 
ttgcagatgg 
gtaaaacaaa 
ctgctgcagc 
aagaaattct 
acttctatga 
atgtcctagc 
gacctgttgg 
gaaaagaaat 
ttgtcatgtt 
aagtgggagt 
ctggtgttac 
atactcataa 
aagtttccag 
aaaaatttcc 
aagtttttag 
cacttaggaa 
ttcaaagagg 
ttaagtcaga 
actacgagtt 
gagaacttgg 
ttcctttcac 
catctgcatg 
ttgcaggcgt 
attatcgttt 
aaatagctgg 
taccaataaa 
tacagatcat 
ttgtagaaac 
ataacttaaa 
cgttttctgt 
aaatctgcaa 
taactgaaat 
tgcttcataa 
aagttggcca 
ggctttctcg 
gaagtagtat 
ttttttttaa 
attttagtag 
gtactaaaat 
attgtattta 
ttaga 



gtgcctccgg 
actcacccag 
ggacttaggc 
ctctgctgta 
accttcccct 
aggtagaatt 
aacaagtcga 
tacacaggtt 
aattaatggc 
ggcagtacga 
gtcttctagt 
ggaagcctct 
gaaatatacc 
caagaggaca 
acttgctatg 
agatgaagct 
agaagccgat 
aagtattgtt 
tgtaagttgt 
acaaacacag 
tcaagttata 
tcctccttat 
gcatggtgct 
cataagagtt 
tggcggaagt 
agcaatagga 
gctgacagat 
cactaataaa 
aattgtgatg 
gaacaaaact 
tgttcaggtt 
aaaacttcag 
atttgcacca 
ggatgatcag 
cagagatact 
cacacaactt 
agaaattcag 
aaaagtgctt 
tgtaatggga 
agagaattct 
atcttccatt 
gctcatttac 
cattataaat 



ctccggcccc 
ttgcaagtgc 
aacaggaaat 
gtacagtcag 
tcccagttta 
cccacaaact 
ataatagatc 
ctgtgtaatc 
gcttccgtag 
ataggaataa 
actttaaatt 
gcagagaaca 
caacaaataa 
cctcagaagt 
gagagactct 
gttaacaaaa 
ccatatgaaa 
ttgaatgaat 
gaggtagata 
gtgctttgta 
acagctataa 
gcaactaatg 
cttgctgaga 
acatctgaag 
ttagcattaa 
ttggtcacca 
attttgggaa 
ggaataactg 
gaggctattc 
atttcaaaac 
ccattatcaa 
gctgaaacag 
acacccagtg 
gagcagcaat 
ggtgtaatgg 
gatcaacgaa 
gtgaaatact 
cagtcgccag 
gaacctattt 
agaattctat 
gtgtagattt 
atgtgccatt 
caagaaatat 
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Identification and cloning of human polynucleotide 
phosphorylase, hPWPase^'^"^^ in the context of 
terminal differentiation and cellular senescence 

Magdalene Leszc^yniecka*^ Dong-chul Kang*, Devanand Sarkar*, Zao-zhong Su**, Matthew Holmes^, 
Kristoffer ValerieS, and Paul B. Flsher*^*^ll 

Departments of *Pathology, ^Urology, and 'Neurosurgery, Herbert Irving Comprehensive Cancer Center, Columbia University, College of Physicians and 
Surgeons, New York, NY 10032; ^Department of Biology, New York University, New York, NY 10003; and ^Department of Radiation Oncology, Medical 
College of Virginia, Virginia Commonwealth University, Richmond, VA 23298 

Communicated by Herbert Weissbach, Florida Atlantic University, Boca Raton, FL, October 23, 2002 (received for review August 26, 2002) 



Terminal differentiation and cellular senescence display common 
properties including irreversible growth arrest. To define the 
molecular and ultimately the biochemical basis of the complex 
physiological changes associated with terminal differentiation and 
senescence, an overlapping-pathway screen was used to identify 
genes displaying coordinated expression as a consequence of both 
processes. This approach involved screening of a subtracted cDNA 
library prepared from human melanoma cells induced to terminally 
differentiate by treatment with fibroblast IFN and mezerein with 
mRNA derived from senescent human progeria cells. This strategy 
identified old-35, which encodes an evolutionary conserved gene, 
human polynucleotide phosphorylase {hPNPase^''=^-^^, that is reg- 
ulated predominantly by type I IFNs. The hPNPase^'-^-^^* protein 
localizes in the cytoplasm of human cells and induces RNA degra- 
dation in vitro, as does its purified bacterial protein homologue. 
Ectopic expression of hPNPase'^''*-^^ in human melanoma cells 
reduces colony formation, confirming inhibitory activity of this 
RNA-degradation enzyme. Identification of hPNPase^'^-^^, an IFN- 
inducibte 3'-5' RNA exonuclease, provides additional support for a 
relationship between IFN action and RNA processing and suggests 
an important role for this gene in growth control associated with 
terminal differentiation and cellular senescence. 

overlapping-pathway screen | terminal cell differentiation | senescent 
phenotype | interferon-inducible gene | evolutionary conserved gene 

Plasticity of the transformed phenotype is suggested by the 
ability of differentiation-inducing agents to revert the can- 
cerous properties of specific tumors (1-3). This attribute of 
tumor cells provides the basis for a potentially less toxic form of 
therapy, '^differentiation therapy." In metastatic human mela- 
noma, a combination of IFN-|3 and the protein kinase C activator 
mezerein (MEZ) produces irreversible growth arrest, a loss of 
tumorigenic competence, and terminal differentiation (1, 4). To 
define gene-expression changes associated with induction of 
terminal differentiation, a subtracted cDNA library enriched for 
genes associated with terminal differentiation was constructed 
(5). This construction was accomplished by subtracting control 
HO-1 human melanoma mRNAs from IFN-j3 + MEZ-treated 
HO-1 mRNAs, which were temporally collected over a 24-h 
period (5). This subtracted cDNA library then was screened by 
random isolation of phage colonies and Northern blotting, 
high-density cDNA microarray analysis, and reverse Northern 
screening followed by Northern blotting (5-7). These ap- 
proaches have identified both unknown and known genes asso- 
ciated with tumor and normal growth control, cell-cycle regu- 
lation, IFN response, differentiation, and apoptosis (5-12). Four 
classes of melanoma differentiation-associated (mda) genes have 
been identified (5, 10). 

Terminal cell differentiation and cellular senescence are char- 
acterized by changes in cell morphology, lack of responsiveness to 
mitogenic stimulation, and irreversible growth arrest (1, 4, 13-18). 

16636-16641 | PNAS | December 24, 2002 | vol. 99 | no. 26 



Normal cells cultured in vitro lose their proliferative potential after 
a finite number of doublings in a process described as cellular 
senescence (13). Experiments in human diploid fibroblasts and 
additional cell types document an inverse correlation between 
replicative senescence and donor age and a direct relationship 
between replicative senescence and donor-species life span (13, 19, 
20). In agreement with this relationship, cells from patients with 
premature aging syndromes such as Werner's syndrome and prog- 
eria achieve a quiescent state more rapidly than normal human 
fibroblasts (21). Although senescence is a time-dependent process, 
terminal differentiation can be induced in a variety of cell types by 
appropriate treatment (2, 3, 16). Growth of HO-1 cells in IFN-)3 and 
MEZ results in irreversible growth arrest, altered cellular morphol- 
ogy, modifications in antigenic phenotype, and an increase in 
melanogenesis (1, 4, 8, 22). 

Induction of terminal differentiation in melanocytes by cAMP 
results in similar and distinct changes in gene expression in 
comparison with senescent melanocytes (17). Although both 
pathways result in elevated p21 (WAFl, Cipl, and mda-6) 
expression and an inability to phosphorylate ERK2, only the 
differentiated cells display elevated levels of p27 and the mela- 
nocyte-specific transcription factor MITF (17, 23). Terminal 
differentiation and senescence also involve additional overlap- 
ping gene changes in melanoma and other cell types including 
enhanced expression of various interleukins (IL-1, IL-15, and 
mda-7/lL-24), cell cycle-regulatory genes [CDK inhibitor, p21 
(WAFl, Cipl, and mda-d), and DNA damage-inducible genes 
(GADD153 and GADD34] (6, 7, 24). Based on these findings, 
a comparison of senescence and terminal differentiation pro- 
vides a unique opportunity to identify genes that may govern the 
growth-suppressive changes underlying both processes. 

We have exploited the overlapping-pathway hypothesis as a 
means of identifying genes coordinately up-regulated during ter- 
minal differentiation and cellular senescence. To achieve this goal, 
a differentiation inducer-treated subtracted HO-1 melanoma 
cDNA library constructed from temporally spaced poly(A) RNAs 
from untreated and IFN-jS + MEZ-treated HO-1 cells (5) was 
screened with mRNA from progeria flbroblasts, an accelerated- 
aging syndrome. This screening stratagem referred to as the over- 
lapping-pathway screen, OPS (Fig. 1), permitted the identifica- 
tion and cloning of old-35, human polynucleotide phosphorylase 
{hPNPase^^'^^\ a gene that displays high homology and similar 
properties with bacterial PNPase, an enzyme involved in RNA 



Abbreviations: MEZ, mezerein; mda, melanoma differentiation-associated; OPS, 
overlapping-pathway screen; PNPase, polynucleotide phosphorylase; hPNPase°^^'^^, 
human PNPase (o/rf-35). 
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Fig. 1 , (A) Schematic representation of the OPS approach. In this application, 
a differentiation-induction subtraction-hybridization (DISH) library was con- 
structed by subtraction hybridization from terminally differentiated HO-1 
human melanoma cells (5). This library was screened with a senescent probe 
derived from progeria cells. This screening protocol permits the identification 
of genes displaying parallel (overlapping) changes in expression during ter- 
minal differentiation and senescence. (B) Expression of hPNPase°''^^^ during 
terminal differentiation and senescence. Northern blot of hPNPas€°'^-^^ in 
HO-1 melanoma cells treated for 24 h with IFN-j3 (2,000 units/ml), MEZ (10 
ng/ml) or IFN-j3 + MEZ (2,000 units/ml + 10 ng/ml), early-passage GM01379 
fibroblasts (normal fibroblasts), and two senescent progeroid fibroblasts 
(AG0781 B and AG0989B). gapdh was used as a loading control. (0 Represen- 
tation of two hPNPase°'^'^^ transcripts visualized in HO-1 cells on Northern 
blots. The 5' UTR (13 bp) in the 5' region is indicated as a hatched box, the 
protein-coding region Is indicated in black, the 3' UTR common to both 
hPNPase°'^'^^ variants is indicated as a hatched box adjacent to the protein- 
coding region, and the 3' UTR present in the longer hPNPase^'^^^ variant is 
indicated in white. The region between the arrows indicates the EST that was 
identified by using the OPS approach, and the arrows indicate the directions 
in which the remainder of the gene was cloned. Northern blot analysis of 
mRNA from HO-1 cells after IFN-p treatment (2,000 units/ml, 7 h) was per- 
formed to determine sizes of the hPNPase^'^^^ variants. Two membranes 
containing the same RNA extracts were probed with either the coding region 
(black. Left) or the 3' UTR of the longer variant (white. Right). 



degradation (25, 26). The present report describes the cloning, 
expression profile, and biological activity othPNPase^^'^^, a type I 
mda gene displaying elevated expression in diverse cell types, aifter 
treatment with IFN-j3 and IFN-)3 + MEZ and exhibiting growth- 
inhibitory effects in colony-formation assays. In these contexts, 
hPNPase^^'^^ may provide a link between IFN action and growth 
cessation, which is a defining parameter of terminal differentiation 
and senescence. 

Materials and Methods 

Cell Culture. Human melanoma, breast carcinoma, and osteosar- 
coma cells were obtained from the American Type Culture 
Collection (ATCC) or as reported and were cultured as de- 
scribed (9, 22, 27, 28). Early-passage human fetal lung fibroblasts 
(GM01379) and human progeria fibroblasts (AG0989B and 
AG0781B) (Corriel Repositories, Camden, NJ) were grown in 
DMEM supplemented with 10% FBS and penicillin/streptomy- 
cin (100 units/100 fxg/ml) at 37°C in a 5% C02/95% air 
humidified incubator. Sf9 insect cells were cultured in TNM-FH 
medium (Mediatech Laboratories, Cody, NY) supplemented 
with 10% FBS and penicillin/streptomycin (100 units/100 p.g/ 
ml) at 27°C in a humidified incubator. 

Library Screening. AG0989B progeria fibroblast cells were cul- 
tured until they became senescent and stained positive for 
senescence-associated )3-galactosidase activity (29). One micro- 
gram of poly(A) RNA from AG0989B cells was reverse- 



transcribed into radiolabeled cDNA as described (6). A sub- 
tracted cDNA library enriched for genes modified during 
terminal differentiation in human melanoma cells was screened 
with the senescent cDNA probe as described (5). 

RNA Extraction and Northern Blotting. Total RNA was purified 
from cells by using the RNeasy kit (Qiagen, Valencia, CA). 
Poly(A) RNA for senescent-probe preparation was extracted by 
using a Poly(A) Pure kit (Ambion, Austin, TX). For Northern 
blotting, 10 /Ltg of total RNA was resolved in 1% agarose gels 
with 2% formaldehyde and transferred to nylon membranes 
(Hybond-N). The^ol fragment of hPNPase""^-^^ cDNA (1.5 kb) 
and 0.7-kb fragment of gapdh were labeled with [a-32p]dCTP 
(Roche, Basel). The membrane was hybridized with ^^P-labeled 
hPNPase''^'^'^^ . The blots were stripped and reprobed with a 
^2p-labeled gapdh probe and exposed for autoradiography. 

Cloning of hPNPase^''''^^ and Expression Vector Construction. The 

full-length hPNPase^^-^^ cDNA was cloned from IFN-)3-treated 
HO-1 cell RNA by using C-ORF and 3' RACE in the 5' and the 
y directions, respectively (12). The /iPTVPfl^e^'-'^-specific primers 
used in C-ORF and 3' RACE were Pl (5'-TTTTGCTCGT- 
TTTGATAATG-3'), P2 (5'-TAATGGGAGAACCTATTTCA- 
3'), and P3 (5'-CTAATTCTCAGTGATTTTTT-3'). The full- 
length hPNPase^-^^ cDNA was obtained by RT-PCR from IFN- 
p-treated HO-1 cell RNA using primers P4 (5'-CTAATTC- 
TCAGTGATTTTTT-3') and P5 (5'-ATTAAACAAATAT- 
GGGTTAC-3'). The '^4.3-kb hPNPase^^^-^^ variant was identified 
by analysis of the dbEST database and confirmed by acquiring and 
sequencing ATCC cDNA clone no. 213524. An hPNPas^^-^^ 
expression vector was constructed by cloning an RT-PCR product 
(5'-GGATCCGCGGCCTGCAGGTACTGC-3' and 5'-GGG- 
CGCCGCTCACTGAGAAATTAGAT-3') into 5amHI- and 
M?rl-digested pEFl/His B (Invitrogen). A baculovirus transfer 
vector, pAcGHLT-APAT/'fl^e"''''^^, was constructed by cloning a 
product amplified by RT-PCR (5'-CGCGGCCCGCGGCCTG- 
CAGGTACTGC-3' and 5'-GGGCGCCGCTCACTGAGAAA- 
TTAGAT-3') into pAcGHLT-B (PharMingen) at the A^orl site. 
hPNPase^'"^-^^ RT-PCRed with 5'-GAGCTCAGGATCCGCG- 
GCCTGCAGGTACTGC-3' and 5'-GGATATCACTGAGAA- 
TTAGATTGATGA-3' was cloned into the Sad and Smal site 
of pEGFP-C2 (CLONTECH) to generate G¥?-hPNPase''^-^K 

Western Blot Analysis and Fluorescence Microscopy. Ten micrograms 
of supercoiled plasmid DNA (pEGFP-C2 and pEGFP-C2- 
hPNPase^^-^^) were transfected into ^70% confluent HO-1 cells 
with Superfect (Qiagen) per manufacturer protocol. Two days after 
transfection, cells were harvested, and protein-sample preparation 
and Western blotting were performed as described (12). Expression 
of G¥?-hPMPase^-^^ was detected with anti-GFP (CLONTECH) 
antibody followed by anti-mouse-horseradish peroxidase and ECL 
(Amersham Pharmacia). For intracellular localization, pEGFP-C2 
and pEGFF'Cl-hPNPase^^'^-^^ were transfected as described (12) 
and observed by fluorescent confocal microscopy (x400). 

Colony-Forming Assays. Colony-forming assays using HO-1 mela- 
noma cells after transfection with pEFl/His B and pEFl/ 
His B-hPNPase^^'^^ were performed as described (12). For adeno- 
viral studies, HO-1 cells were plated at a density of 1 X 10^ cells per 
6-cm dish, and after 24 h the cells were infected with Ad.vec, 
AdJtPNPase^-^% or AdJiPNPase^-^^AS at a multiplicity of in- 
fection of 100 plaque-forming units per cell as described (27). Six 
hours after infection the cells were trypsinized and plated at a 
density of 1(P cells per 6-cm dish. Colonies >50 cells were scored 
3 weeks later. The recombinant replication-incompetent adenovi- 
ruses were constructed, grown, and assayed as described (30). 
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Purification of GST-hPNPase^^^'^^ Fusion Protein and Degradation 
Assays. GST-hPNPase*^^^'^^ purification was performed by 
glutathione-Sepharose affinity chromatography as described 
(12). Purified fusion protein was digested with thrombin 
(50 units/mg fusion protein) for 2 h at room temperature. After 
digestion was completed, hPNPase^^^"-"*^ protein was separated 
further on a Sephacryl S-200 column (1.5 X 50 cm) at a constant 
flow rate of 1.5 ml/min. For enzyme assays, substrate RNA 
GEM- AO was prepared as described (31). RNA was diluted 10 
times, and 1 ix\ was used for each degradation-assay reaction. 
Each reaction was performed in 20 ^1 of degradation buffer 
containing 20 mM Tris-HCl (pH 7.5), 1.5 mM DTT, 1 mM 
MgClz, and 20 mM KCl with or without 10 mM Na3P04 for 
various times as described (32). The reaction products were 
treated with proteinase K (10 mg/ml) for 30 min at room 
temperature, and 5 ju,l of each reaction was spotted on polyeth- 
yleneimine cellulose TLC plates (Aldrich) and resolved in 1 M 
formic acid. 

Results 

OPS. The OPS approach was used to identify genes mediating 
altered physiological changes commonly associated with terminal 
cell differentiation and senescence. Because normal cells senesce 
slowly in culture, fibroblasts from patients with the accelerated- 
aging syndrome progeria, which become senescent more rapidly 
than normal cells, were chosen for this study (33). Progeria cells 
were subcultured until they exhibited profound morphological 
changes and senescence-associated )3-galactosidase activity, a 
marker of the senescent state (29). To define genes with expression 
that changes as a function of induction of terminal differentiation, 
a subtracted cDNA (differentiation-induction subtraction hybrid- 
ization) library was prepared from mRNAs isolated over a 24-h 
period from HO-1 human melanoma cells treated with IFN-/3 + 
MEZ (5). This differentiation-induction subtraction-hybridization 
library was screened with a probe derived from the RNA of 
senescent progeria fibroblasts (AG0989B) (Fig, M). Seventy-five 
ESTs were identified initially in the OPS screen and designated as 
old-1 to old-75 (data not shown). Among the old genes, old-35 
demonstrated an elevated expression pattern associated with both 
induction of terminal differentiation and senescence and was 
chosen for further evaluation (Fig. IB), Expression of old-35 
increased in IFN-jS- and IFN-jS + MEZ-treated HO-1 cells in 
comparison with untreated HO-1 controls (Fig. IB) and in senes- 
cent progeroid fibroblasts (AG0781B and AG0989B) relative to 
early-passage fetal fibroblasts (GM01379) (Fig. IB), An over- 
lapping expression pattern of old-35 in senescent fibroblasts and 
IFN-)3 + MEZ-induced terminally differentiated human mela- 
noma cells suggests that old-35 might correlate with or contribute 
to the cellular changes that characterize both processes. 

Cloning of the old-35 cDNA. The original old-35 clone obtained from 
library screening (600-bp) contained an internal region of the 
old-35 cDNA and lacked 3'- and 5'-flanking sequences. The 5' and 
3' regions of old-35 were cloned from IFN-)S- treated HO-1 cells by 
using a modified RACE protocol (c-ORF), which resulted in the 
cloning of a 2,629-bp old-35 cDNA (ref. 12; Fig. IC). Northern 
blotting analysis demonstrated that the old-35 EST hybridized to 
two mRNA species of «*»4.0 and 2.6 kb in RNA isolated from 
IFN-^-treated HO-1 cells (Fig. IQ. An «»4-kb old-35 variant was 
identified by a blast search of the dbEST database, purchased 
from ATCC (no, 213524), and sequenced. Comparison of the 
sequences of the two old-35 cDNA clones (2,629 and 4,331 bp, 
respectively) indicated identical ORFs that extended from 53 to 
2,404 bp, encoding a protein of 783 amino acids with a predicted 
molecular mass of 86 kDa and a pi of 7.87. The ORF of old-35 starts 
at the first AUG codon. Although A"^ in the Kozak consensus 
sequence (AXXaugG) is not conserved, G"^"* is conserved (34). 
Sequence analysis of old-35 revealed that this cDNA (^2,6 kb) 
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Fig. 2. (A) structure of PNPase proteins. PNPases have two RNase PH domains, 
one KH domain, and one SI domain. (B) Alignment of 20 members of the PNPase 
family using IVIultAlin (http://prode$.toulouse.i nra.fr/multalin/multalin.html, 
ref. 51). A residue that is highly conserved appears in high<onsensus color (90%, 
red) and as an uppercase letter in the consensus line. A residue that is weakly 
conserved appears in low<onsensus color (50%, blue) and as a lowercase letter in 
the consensus line. Other residues appear in black. A position with no conserved 
residue is represented by a dot in the consensus line. !, IV; $, LM; %, FY; #, NDQE. 



contains a less frequently used polyadenylation site (AUUAAA, 
found in only '^10% of cDNAs) (35). In addition, a canonical 
polyadenylation site was not detected in the •^4.3-kb variant (Fig. 
lA), However, the 4.3-kb clone contained a longer 3' UTR, possibly 
because of differential polyadenylation. To confirm this possibility, 
a Northern blot containing total RNA from IFN-)3-treated HO-1 
cells was probed with either the coding region of the old-35 gene or 
the 3' UTR of the longer «'4.3-kb variant (Fig. IQ. Although the 
«*2.6- and '«4.3-kb bands were detected with a coding-region probe, 
only the upper *«4.3-kb band was identified with the 3'-UTR probe. 
Sequence analysis and Northern blot results indicate that the 
'«4.3-kb mRNA is a variant of old'35, which may result from 
alternative polyadenylation. 

old-35 Is h PNPase. A BLAST search of the translated sequence of the 
old-35 ORF suggested that old-35 encodes a phosphate-dependent 
3 '-5' RNA exonuclease-FNPase, previously recognized only in 
bacteria and plants (36, 37). Further sequence analysis with pros- 
ITE, PFAM, and PRODOM identified four PNPase-specific domains 
present in the OLD-35 protein sequence (Fig. 24). Similar to other 
PNPases, the OLD-35 protein contains two RNase PH domains, 
one KH domain, and one SI domain (Fig. 2A). Alignment of the 
PNPase sequences from a number of different species indicates 
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Fig. 3, Purification of GST-hPNPase°'-°-3^ (A) Coomassie staining of a 10% 
SDS/PAGE gel. L, lysate; FT, flow through; Wl. wash 1; E1, eluate 1. (iower) 
The Western blot was probed with anti-GST antibody. (S) Coomassie staining 
of a 10% SDS/PAGE gel containing thrombin-digested hPNPase^^^'^^ ^ and 
undigested GST-hPHPase^^-^s (F). (0 Degradation of RNA by hPNPaseOLD-^s. 
The reaction was perfornned as described in Materials and Methods in the 
absence (-) or presence (+) of phosphate. The degradation products then 
were resolved on TLC in 1 M formic acid, f . coll PNPase (Sigma) was used as a 
positive control (data not shown). 



high conservation in the critical catalytic regions of PNPase, 
especially in the RNase PH domains (Fig. 2B). 

To determine whether sequence conservation translates into 
conservation of PNPase function (phosphate-dependent degrada- 
tion of RNA substrates), GST-OLD-35 was expressed by using a 
baculovirus system and purified to homogeneity by using glutathi- 
one-affinity chromatography. After purification with glutathione 
beads, protein purity was assessed by using SDS/PAGE with 
Cbomassie staining and a Western blot with an anti-GST antibody 
(Fig. 3/1). Purified GST-OLD-35 protein migrated as a single 
120-kDa band (Fig. 14). The GST tag was removed by thrombin 
digestion followed by gel filtration to facilitate functional studies 
(Fig. 3B). PNPase is a phosphate-dependent 3-5' RNA exonucle- 
ase that produces nucleotide diphosphates (NDPs) instead of 
nucleotide monophosphates (NMPs) during the degradation of the 
RNA substrate (31). Thus, PNPase activity was assayed with or 
without phosphate with radiolabeled RNA, and undigested radio- 
labeled RNA and its degradation product (p-P]CDP) were resolved 
by polyethyleneimine TLC in 1 M formic acid (32). In the absence 
of phosphate no cytosine diphosphate (CDP) formation was de- 
tected, whereas CDP accumulation was observed in the presence of 
phosphate (Fig. 3C). These data illustrate that OLD-35 protein 
degraded the RNA substrate in a phosphate-dependent manner. 
The confirmed phosphate-dependent degradative activity of 
OLD-35 implies that old-35 encodes human PNPase as is suggested 
by sequence homology and indicates that old'35 is hPNPase"^'^^, 

hPNPase^'^'^^ Is a Type I IFN-lnducible Gene. Northern blot hybrid- 
izations were performed to define the induction profile of 
hPNPase^^-^^ after treatment with different IFNs and in different 
cell backgrounds. hPNPase^^'^^ was induced within 3 h by IFN-)3 
(2,(X)0 units/ml) and accumulated until 24 h (Fig. 44) followed by 
a gradual decrease in steady-state message level (data not shown). 
Because IFN-j3 induces growth suppression in HO-1 cells at 2,000 
units/ml, it was important to establish whether up-regulation of 
hPMPase"^'^^ occurs as a result of IFN-induced growth suppression. 
hPNPase^^'^^ expression was induced in HO-1 cells with as little as 
1 unit/ml of IFN-)3, which is not growth-inhibitory (Fig. 4B), 
indicating that induction of hPNPase"^'^^ expression by IFN can be 
dissociated from IFN-induced growth suppression. Treatment of 
HO-1 cells with leukocyte IFN (IFN-a) also resulted in significant 
up-regulation oihPNPasef^'^^ in HO-1 cells, whereas expression of 
hPNPase^^'^^ was marginally stimulated by IFN-7, and no detect- 
able or consistent induction occurred with tumor necrosis factor a 
(Fig. 4C). Double-stranded RNA, poly(I)'poly(C), a known inducer 
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Fig. 4. Induction of hPNPase°''^^^ mRNA by IFNs in various cell types. (A) 
Time-course treatment of HO-1 cells with IFN-j3 (2,000 units/ml), (fi) IFN-jS dose 
response in HO-1 cells. Cells were untreated (U) or treated with 0.1 -2,000 units/ml 
for? h. (0 Treatment of HO-1 eel Is with different cytokines for 17 h. U, untreated; 
k IFN-a (1,000 units/ml); 1)3, IFN-|3 (1,000 units/ml); Iy, IFN-y (1,000 units/ml); 
TNF-a, tumor necrosis factor a (10 ng/ml). (D) Effect of IFN-p and poiy(l)-poly(C) 
treatment on hPNPase°'^^^ and gapdh expression in HO-1 cells. U, untreated or 
treated for 24 h with IFN-)3 (2,000 units/ml), poly(l)-poly(0, 1 x (10 jutg/ml), or 2x 
(20 mq/'t^I)- (^ Analysts of hPNPase^'^^^ and gapdh expression in various human 
melanomas without (-) or with {+) IFN-j3 (2,000 units/ml) treatment for 1 8 h. (f) 
Analysis of hPNPase°'^^^ and gapdh expression in human breast carcinoma 
{MDA-MB-157, MDA-MB-231, and MCF-7) or human osteosarcoma (Saos2) cells 
without (-) or with (+) IFN-jS (2,000 units/ml) treatment for 18 h. A lower 
quantity of RNA is present in the untreated versus the treated WM238 sample. 



of IFN-a and IFN-/3, genes also stimuhied hPNPase^^'^^ expression 
(Fig. 4Z)). 

Because hPNPase"^'^^ was cloned from HO-1 cells, a metastatic 
human melanoma cell line, its expression was examined in addi- 
tional melanoma cell lines. The steady-state de novo expression of 
hPNPase?^'^^ was comparable in FO-1, HO-1, MeWo, and 3S5 (a 
nonmetastatic variant of MeWo) human melanomas with reduced 
de novo expression in the WM238, SK-MEL 110 (mutant p53), and 
SK-MEL 470 (WT p53) melanoma cell lines (Fig, AE), However, 
when treated with IFN-j3, expression oihPNPase^^'^^ was elevated 
to variable extents in all the melanoma cell lines. To test for 
up-regulation oi hPNPase^^'^^ by IFN-)3 in cancer cells other than 
melanoma, MDA-MB-157 (p53-null), MDA-MB-231 (mutant 
p53), and MCF-7 (WT p53) human breast carcinoma cells and 
Saos-2 human osteosarcoma cells (p53- and Rb-nuU) were treated 
with IFN-)3 for 18 h, and mRNA levels were determined (Fig. 4F), 
Treatment of null, mutant, or WT p53 breast carcinoma cells and 
Saos-2 osteosarcoma cells, which are null for both p53 and Rb, with 
IFN-)3 resulted in elevated hPNPase°^'^^ expression. Similarly, 
treatment with IFN-)3 elevated AP/VPa^^^ -'-^ expression in normal 
skin fibroblasts and normal immortal melanocytes, indicating that 
induction of hPNPasef^'^^ by IFN-j3 is not restricted to cancer cells 
(data not shown). These experiments document differential regu- 
lation of hPNPase^^'"^^ expression by different cytokines, with type 
I IFNs (IFN-a/)3) being the most active cytokines tested in inducing 
hPNPasef^^'^^ expression in HO-1 cells. In addition, expression of 
WT p53 or Rb is not required for induction of hPNPase^^'^^ by 
IFN-/3 in melanoma or additional human cancer cell lines. 

hPNPase'''''^^ Expression Suppresses HO-1 Melanoma Cell Colony 
Formation. Because growth inhibition is a common event asso- 
ciated with terminal differentiation, senescence, and IFN treat- 
ment, it is possible that hPNPase^^'^^ could mediate growth 
inhibition during these processes. To test this possibility initially, 
the inhibitory effect of hPNPase"^'^^ was measured by assaying 
colony-forming ability of HO-1 cells infected with replication- 
incompetent adenovirus vectors including Ad.vec (an adeno- 
virus lacking the hPNPase''^'^-^^ gene), Ad.hPNPase^'^'^'^^Sy or 
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Fig. 5, Colony formation after infection of HO-1 cells witii Ad.vec, 
A6.hPNPase°''^■3^S,orA6.hPNPase'''''■^^AS.HO^^ cells (1 x 10^) were infected 
at 100 plaque-fornriing units percell; 6 h later cells were reseeded at 10^ per 
6-cm plate, and colony formation was determined 3 weeks later. Graphical 
representation of three independent experiments using triplicate samples 
for each condition ± SD is shown. 



Ad,hPNPase''^'^-^^AS {A±hPNPase''^'^-^^ antisense). Infection 
with Ad.hPNPase°^^'^^S resulted in «*90% reduction in colony 
formation in comparison with infection with either Ad.vec or 
Ad.hPNPase^'^'^-^^AS (Fig. 5), confirming that hPNPase"^'^-^^ has 
profound growth-suppressing effects in HO-1 cells. The col- 
onies formed in the presence of Ad.hPNPase°^^'^^S were also 
much smaller than those formed in the presence of either 
Ad.vec or Ad.hPNPase^^'^'^^AS (Fig. 5). To eliminate the 
possibility that high-level expression resulting from adenovirus 
infection was the reason for growth-inhibitory properties 
of hPNPase^^'^^y transfection experiments with an EF-la 
promoter-driven hPNPase°^^'^^ expression vector were per- 
formed. This experimental protocol resulted in a significant 
but decreased reduction in colony formation in comparison 
with adenoviral infection («=*40%, P < 0.05, data not shown). 
Both colony-formation assays document that hPNPase°^^'^^ has 
growth-inhibitory activity, which is consistent with the hypoth- 
esis that this gene may contribute to growth modulation during 
IFN-associated terminal differentiation and senescence. Fur- 
ther studies are required to determine whether growth inhi- 
bition is associated with induction of apoptosis or involves 
reduced cell proliferation. 

Cellular Localization of the hPNPaseO'-°-35 Protein. The subcellular 
localization of hPNPase*^^^'^^ was determined by examining local- 
ization of GFP-fusion hPNPase^^'^^ by fluorescent microscopy. A 
Western blot was probed with an anti-GFP antibody to confirm that 
the fusion protein was expressed in the transfected cell lines. GFP 
antibody detected proteins of the expected sizes: 30 kDa (GFP) and 
120 kDa (hPNPaseO^-35-GFP). Fluorescent microscopy of GFP- 
hPNPase*^^^-^^-transfected cells demonstrated that hPNPase^^-^^ 
protein localized in the cytoplasm of HO-1 cells, as anticipated for 
a degradative enzyme (Fig. 6). 

Discussion 

A phenotype-driven differential gene-cloning method, OPS, has 
identified hPNPase^^'-^^^ which encodes the himian homologue of 
bacterial and plant PNPase. The complete hPNPase^^'-^-^ protein 
exhibits 37% identity and 54% similarity to the prokaryotic mem- 
bers of this gene family. However, conservation of protein sequence 
is much higher at specific domain sites where it approaches 70% 
(Fig. 2B). This sequence conservation also translates into functional 
conservation. Similar to other PNPases, hPNPase"^^'^^ exhibits 
phosphate-dependent exonuclease activity (Fig. 3C). Although 




Fig. 6. Cellular localization of hRNPase^"-^'^^. Cellular localization of 
hPNPase°'-'^-35 was assessed by using a GFP-hPNPase^'-D-^^ expression plas- 
mid.(Z.eft)HO-l celts were transiently transfected with a GFP-hPNPase°'^^-35 
construct and observed by fluorescent microscope (X400). (Right) Western 
blot of GFP and GFP-/)PWPase°^^^f 



polymerization activity associated with bacterial PNPase has not 
been demonstrated, both sequence analysis and phosphate- 
dependent exonuclease activity argue that old-35 is a PNPase, and 
this article reports the existence of PNPase in the animal kingdom. 
BLAST searches also indicate the presence of PNPase in Drosophila 
melanogaster and putative iWPa^e ESTs in Callus gallus, confirming 
the presence of PNPase in animal cells (data not shown). 

PNPase is a component of a multiprotein complex called a 
degradosome. The bacterial degradosome consists of an endonii- 
clease (RNase E), ATP-dependent helicase (RhlB), an exonuclease 
(PNPase), and an enolase, a glycolytic enzyme (26, 38). In Esche- 
richia coliy decay of mRNAs is initiated by RNase E followed by 
exonucleolytic degradation at the new 3' ends by PNPase and an 
additional 3 '-5' RN A exonuclease, RNase II (26). Growth of coli 
under normal growth conditions is unaffected by deletion of pnp 
(PNPase), but pnp mutants exhibit a cold-sensitive growth pheno- 
type preventing growth at temperatures below 30°C (39, 40). In 
contrast, deletion of both exonucleases, pnp and rnb (RNase II), is 
lethal (40, 41). In plants PNPase functions during chloroplast 
differentiation, most likely as a homohexamer (42, 43), whereas 
PNPase has not been identified in yeast. However, a multiprotein 
complex called the exosome functions in yeast in pre-mRNA and 
mRNA degradation and in rRNA processing (44). The exosome 
contains endonuclease, 3 '-5' exonuclease (RNase PH), and RNA 
helicase. A human exosome has been described as polymyositis/ 
scleroderma (PM/Scl) overlap syndrome particle, which is related 
to the yeast exosome (45). The human exosome is reported to 
contain human homologues of several yeast exosomal components 
(Rrp40p, Rrp41p, and Rrp46p) and mediates mRNA degradation 
of AU-rich elements (46-48), Further studies are required to 
determine whether PNPase is a component of the human exosome, 
because the structure of this complex is well conserved in evolution. 

hPNPase^^"^'^^ is a type I IFN (a/)3)-responsive gene, which is 
induced as early as 3 h by as little as 1 unit/ml IFN-)3 in HO-1 
melanoma cells (Fig, 4). Moreover, hPNPase^^'^^ is induced by 
IFN-jS in normal and additional cancer cells with diverse genetic 
backgrounds, suggesting that induction of hPNPase'^^^'^^ by IFNs 
represents a general cellular response to these cytokines. The 
fact that double-stranded RNA, which mimics viral replication 
intermediates, stimulates hPNPase^^'^^ expression suggests a 
possible role of hPNPase^^^'^^ in IFN-mediated antiviral re- 
sponses. Overexpression of hPNPase^^'^^ in human melanoma 
cells results in growth suppression (Fig. 5). In these contexts, 
hPNPase^'*^'^^ may play a pivotal role in IFN-mediated antiviral 
response by modulating cell growth. 

It is established that IFNs induce a plethora of genes, many 
of which function in mRNA stability and translation (12, 49, 50). 
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Two well characterized pathways are translational repression by 
double-stranded RNA-dependent protein kinase (PKR) and RNA 
degradation by 2-5 A-dependent RNase L (OAS/RNase L) 
(49). hPNPase°^'^\ mda-5 (a putative RNA helicase with growth- 
suppressive activity) (12) and RNase II {mda-E-63) (24) were 
identified as IFN-inducible genes in human melanoma cells, sug- 
gesting the existence of alternative IFN-stimulated RNA-decay 
pathways in mammalian cells. It remains to be determined how 
IFNs acting through these molecules may modify gene expression 
by regulating RNA degradation/stability. However, based on in- 
duction in response to IFN treatment or viral infection and cyto- 
plasmic localization, it is possible that an exosomal structure 
consisting of hPNFase"^'^^ and mda-5 may be assembled in concert 
with other proteins that then target growth-related mRNA species 
for degradation. In future studies it will be essential to determine 
the specificity of hPNPase^^'^^ action, this information will permit 
elucidation of the mechanism by which hPNPase^^'^^ regulates cell 
growth during IFN treatment, differentiation, and senescence. 

A cloning strategy called OPS has been developed to facilitate 
the identification of genes displaying overlapping expression pro- 
files as a function of induction of complex analogous phenotypic 
changes in target cells. Presently, OPS was applied to the processes 
of terminal differentiation and cellular senescence resulting in 
cloning of the human homologue of PNPase, hPNPase^^'^^ . As 
predicted based on the underlying premise of OPS, steady-state 
levels of hPNPas^^"^'^^ message were higher in senescing cells in 
comparison with proliferating fibroblasts and were also increased 
during terminal cell differentiation. Because OPS is a pheno- 
type-driven screening methodology and ectopic expression of 
hPNPase^^'^^ is growth-suppressive, it seems that this gene con- 
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tributes toward the common attribute of growth arrest that is shared 
between the processes of terminal differentiation and senescence. 
Preliminary studies suggest that expression of antisense hPNPase- 
^'^^ in HO-1 human melanoma cells inhibits IFN-jS + MEZ- 
induced terminal differentiation, indicating that hPNPase^^'^^ is 
essential for induction of this process (data not shown). hPNPase- 
oid'35 encodes a putative 3' -5' RNA exonuclease, suggesting that it 
might regulate the stability of downstream genes involved in 
terminal cell differentiation. Although the specific targets of hPN- 
Pase^^^'^^ action are not known currently, they might involve im- 
portant regulatory proteins involved in signaling such as c-foSy 
c-myc, or c-jun. Because these molecules have been found to 
participate in programs of proliferation and differentiation, where 
they are regulated at the level of mRNA stability, it is likely that they 
can be modulated by hPNPasef^-^^ . 

As a final cautionary note, although quite robust in identifying 
numerous interesting and potentially relevant genes involved in 
growth control, differentiation, and cancer suppression, previous 
screening approaches did not identify hPNPase^^'^^ in the context 
of differentiating melanoma cells (5-7, 12, 24). This suggests that 
multiple cloning approaches will be required to define the full 
spectrum of differentially regulated genes associated with and 
contributing to growth control and terminal differentiation in 
cancer cells. 

We thank Dr. J. Wilusz for GEM-AO and Dr. D. H. Bechhofer for helpful 
suggestions. The present studies were supported in part by National 
Institutes of Health Grant CA35675, an award from the Samuel Waxman 
Cancer Research Foundation, and the Chernow Endowment. P.B.F. is a 
Michael and Stella Chernow Urological Cancer Research Scientist. 



26. Carpousis, A. J. (2002) Biochem. Soa Trans. 30, 150-155. 

27. Su, Z. Z., Madireddi, M. T., Un, J. J., Young, C S., Kitada, S., Reed, J. C, 
Goldstein, N. I. & Fisher, P. B. (1998) Froc Natl Acad Sci. USA 95, 14400-14405. 

28. Lcbcdcva, I. V., Su, Z. Z., Chang, Y., Kitada, S., Reed, J. C & Fisher, P. B. (2002) 
Oncogene 21, 708-718. 

29. Dimri, G. P., Lee, X., Basile, G., Acosta, M., Scott, G., Roskelley, C, Medrano, 
E. E., Unskcns, M., Rubelj, I., Pcrcira-Smith, O., etal (1995) Froc. Natl Acad. Sci 
USA 92, 9363-9367. 

30. Valeric, K. (1999) in Biopharmaceutical Drug Design and Development, ed. Wu- 
Pong, S. & Rojanasakul, Y. (Humana Press, Totowa, NJ), pp. 69-142. 

31. Gao, M., Wilusz, C. J., Peltz, S. W. & Wilusz, J. (2001) EMBOJ. 20, 1 134-1 143. 

32. Carpousis, A. J., Van Houwe, G., Ehretsmann, C. & Krisch, R M. (1994) CeU 76, 
889-900. 

33. Vincent, R. A., Jr., & Huang, P, C. (1976) Exp. CeU Res. 102, 31-42. 

34. Kozak, M, (1996) Manim. Genome 7, 563-574. 

35. Manley, J. L, (1988) Biochim. Biophys. Acta 950, 1-12. 

36. Reuven, N. B. & Deutscher, M. P. (1993) FASEB J. 7, 143-148. 

37. Zhang, J. R. & Deutscher, M. P. (1988)/ Bacterial 170, 522-527. 

38. Grunberg-Manago, M. (}999) Anna, Rev. Genet. 33, 193-227. 

39. Mathy, N., Jarrige, A, C, Robert-Le Meur, M. & Portier, C. (2001)/. Bacteriol 183, 
3848-3854. 

40. Yancey, S. D. & Kushner, S. R. (1990) Biocfiimie 72, 835-843. 

41. Donovan, W. P. & Kushner, S. R. (1986) Proc. Natl Acad Sci. USA 83, 
120-124. 

42. Baginsky, S., Shteiraan-Kotler, A., Livcanu, V,, Yehudai-Resheff, S., Bellaoui, M., 
Settlagc, R. E., Shabanowitz, J., Hunt, D. F.. Schuster, G. & Gruissem, W, (2001) 
RNA 7, 1464-1475. 

43. Hayes, R„ Kudla, J., Schuster, G., Gabay, L,, Maliga, P. & Gruissem, W. (1996) 
EMBOJ. 15, 1132-1141. 

44. Mitchell, P„ Petfalski, E., Shevchenko, A,, Mann, M. & ToUervey, D. (1997) CeU 
91, 457-466. 

45. Allmang, C. Petfalski, E., Podtelejnikov, A., Mann, M., Tollervey, D. & Mitchell, 
P. (1999) Genes Dev. 13, 2148-2158. 

46. Chen, C. Y., Gherzi, R., Ong, S. E., Chan, E. L., Raijmakers, R., Pruijn, G. J., 
Stoecklin, G., Moroni, C, Mann, M. & Karin, M. (2001) CeU 107, 451-464. 

47. Brouwer, R., Pruijn, G. J, & van Venrooij, W. J. (2001) ArUirUis Res. 3, 102-106. 

48. Brouwer, R., Allmang, C, Raijmakers, R., van Aarssen, Y., Egberts, W. V., 
Petfalski, E., van Venrooij, W. J., Tollervey, D. & Pruijn, G. J. (2001)/ Biol Chenu 
276, 6177-6184. 

49. Player, M. R. & Torrence, P. F. (1998) Pharmacol Ther. 78, 55-113. 

50. Rebouillat, D. & Hovanessian, A. G. (1999)/ Interferon Cytokine Res. 19, 295-308. 

51. Corpet, F. (1988) Nucleic Acids Res. 16, 10881-10890, 



LeszGiynlecka etal 



PNAS I December 24, 2002 | vol.99 | no. 26 | 16641 



